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Abstract
Background: Haptoglobin (Hp) is a plasma protein with strong anti-inflammation 
and antioxidant activities. Its plasma level is known to be inversely associated with 
many inflammatory diseases, including cardiovascular diseases. However, the asso-
ciation of HP genetic variants with coronary artery disease (CAD) severity/mortality, 
and how they interact with common CAD risk factors are largely unknown.
Methods: We conducted the analysis in a Singaporean Chinese CAD population with 
Gensini severity scores (N = 582) and subsequently evaluated the significant findings 
in an independent cohort with cardiovascular mortality (excluding stroke) as out-
come (917 cases and 19,093 controls). CAD risk factors were ascertained from ques-
tionnaires, and stenosis information from medical records. Mortality was identified 
through linkage with the nationwide registry of births and deaths in Singapore. Linear 
regression analysis between HP genetic variant (rs217181) and disease outcome were 
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1 |  INTRODUCTION

Haptoglobin (Hp) is an acute phase protein encoded by the 
HP gene (OMIM accession number *140100; Dobryszycka, 
1997) and it is present in the plasma in humans (Tseng, Lin, 
Huang, Liu, & Mao, 2004). One important function of Hp is 
to capture free hemoglobin (Hb) released during the intravas-
cular destruction of erythrocytes to prevent both iron loss and 
kidney damage during hemolysis (Kristiansen et al., 2001; 
MURRAY, CONNELL, & PERT, 1961).

In humans, one of the commonly investigated HP vari-
ants, rs72294371, is a structural variant which exists in two 
allelic forms, HP1 and HP2. The HP2 allele has arisen due 
to the partial duplication of HP1 early in human evolution 
(Levy et al., 2002; Maeda & Smithies, 1986). The two com-
mon alleles result in three HP genotypes, HP1-1, HP2-1, and 
HP2-2 (Cheng et al., 2009; Langlois & Delanghe, 1996). The 
proteins coded by these three genotypes are functionally dis-
tinct. Compared with proteins coded by HP2-1 and HP2-2, 
HP1-1 protein is a more efficient antioxidant with the stron-
gest binding affinity to Hb (Schaer, Schoedon, Imhof, Kurrer, 
& Schaer, 2006) and is more rapidly cleared from circulation 
because of its shorter half-life (Asleh et al., 2003). Along 
with the prominent difference in the antioxidative properties 
of proteins coded by the different HP genotypes, Hp has been 
reported to be associated with many inflammatory diseases, 
including cardiovascular disease, autoimmune disorders and 
diabetes (Langlois & Delanghe, 1996; Levy, 2006). Although 
the impact of this HP polymorphism on cardiovascular dis-
ease, including risk stratification (Levy et al., 2002), has been 
investigated in various studies, the results have been contro-
versial and most of the studies were conducted in non-Chi-
nese population (De Bacquer et al., 2001; Levy et al., 2002; 
Simpson et al., 2011; Suleiman et al., 2005). Currently, the 
HP rs72294371 polymorphism is generally determined by 

protein PAGE, PCR and quantitative PCR (Koch et al., 2002; 
Soejima & Koda, 2008). It has not been successfully evalu-
ated with any array-based copy number analysis or low-cov-
erage sequencing rapidly and accurately (Conrad et al., 2010; 
Consortium GP, 2012), which consequently limits its poten-
tial in clinical applications. Recently, with the rapid devel-
opment of genome-wide association studies (GWAS), single 
nucleotide polymorphisms (SNP) tagging the HP common 
variant have been identified and some studies showed that the 
HP common polymorphism can be imputed based on GWAS. 
A proxy for tagging this variant as reported by a previous 
study is rs217181 (Boettger et al., 2015).

In this study, we investigated whether the HP genetic 
variant, rs217181, is associated with coronary artery dis-
ease (CAD) severity and cardiovascular mortality (excluding 
stroke) in two Singapore Chinese populations. We also tested 
for the interactions of this genetic variant with common CAD 
risk factors, including type 2 diabetes (T2D), hypertension, 
smoking, and hypercholesterolaemia, for their impact on 
CAD severity and mortality.

2 |  MATERIALS AND METHODS

2.1 | Ethical compliance

We performed the analysis with data from two Singapore 
Chinese datasets, the Singapore Coronary Artery Disease 
Genetics Study (SCADGENS) and Singapore Chinese Health 
Study (SCHS). SCADGENS was approved by the National 
Health Group Domain Specific Review Boards (NHG 
DSRB). The study procedures were carried out in accordance 
with the relevant ethics guidelines and regulations. All study 
participants provided written informed consent. SCHS was 
approved by the Institutional Review Boards of the National 

the Singapore Coronary Artery Disease 
Genetics Study (SCADGENS). The 
Singapore Chinese Health Study was 
supported by grants from the National 
Medical Research Council, Singapore 
(NMRC/CIRG/1456/2016), and the 
National Institutes of Health (R01 
CA144034 and UM1 CA182876).

performed. Interaction analyses were performed by introducing an interaction term in 
the same regression models.
Results: Although rs217181 was not significantly associated with CAD severity and 
cardiovascular mortality (excluding stroke) in all subjects, when stratified by hyper-
tension status, hypertensive individuals with the minor T allele have more severe 
CAD (β = 0.073, SE = 0.030, p = 0.015) and non-hypertensive individuals with the 
T allele have lower risk for mortality (odds ratio = 0.771 (0.607–0.980), p = 0.033).
Conclusion: HP genetic variant is not associated with CAD severity and mortality in 
the general population. However, hypertensive individuals with the rs217181 T allele 
associated with higher Hp levels had more severe CAD while non-hypertensive in-
dividuals with the same allele had lower risk for mortality in the Chinese population.
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University of Singapore and the University of Minnesota, 
and all study subjects gave written informed consent.

2.2 | Study subjects

SCADGENS is an ongoing multiethnic study which com-
menced in 2011 to assess the genetic determinants of CAD 
in Singapore. The cohort enrolls patients who undergo diag-
nostic coronary angiography at the National University Heart 
Centre of the National University Hospital (NUH). CAD was 
defined as coronary artery stenosis of at least 50% in one or 
more epicardial coronary arteries or their branches based 
on angiography. At recruitment, all study subjects were in-
terviewed face-to-face by a research nurse using a standard 
questionnaire. The questionnaire includes information re-
lated to demography, lifestyle, personal medical history, dis-
ease history, family disease history, physical activities, and 
food intake.

SCHS is a long-term prospective study focused on dietary, 
genetic and environmental determinants of cancer and other 
chronic diseases in Singapore (Hankin et al., 2001). Between 
April 1993 and December 1998, a total of 63,257 Chinese in-
dividuals aged 45–74 years were recruited into the study. At 
recruitment, all the study subjects were interviewed in-per-
son by a trained interviewer with a structured questionnaire. 
Since April 1994, a total of 28,439 participants donated 
blood specimens.

2.3 | Coronary artery disease 
severity and mortality

In SCADGENS, CAD history, coronary artery dominance 
and detailed information about coronary artery stenosis were 
ascertained through review of medical records. Patients with 
a history of CAD before the date of recruitment were ex-
cluded from the current study. This was to ensure accurate 
grading of CAD severity based on the first angiographic as-
sessment of fresh cases that did not have any prior procedural 
interventions.

The Gensini score is a commonly used index to de-
fine the CAD severity (Gensini, 1983). It assigns different 
weights to the arteries depending on the extent of luminal 
narrowing, vessel size and the geographical importance of 
their locations. Luminal narrowing is grouped into 1%–25%, 
26%–50%, 51%–75%, 76%–90%, 91%–99%, total occlusion 
and assigned 1, 2, 4, 8, 16, and 32 points, respectively. Vessel 
size and importance were weighted by a value from 0.5 to 
5.0, depending on the amount of myocardium served by the 
segment. Detailed information for arterial segments included 
and their weights have been described previously (Gensini, 
1983; Ringqvist et al., 1983). The product of these two 

weights constitutes the total weight for each arterial segment. 
The Gensini score for each individual was calculated as the 
sum of the total weights for each segment.

For replication of our findings, we used data from the 
independent SCHS cohort. However, as information regard-
ing CAD severity is not available for this cohort, we chose 
cardiovascular deaths as a proxy for severe CAD. In SCHS, 
cardiovascular deaths from the date of the baseline inter-
view through 31 December 2017 were identified through 
linkage with the nationwide registry of births and deaths 
in Singapore. The International Classification of Diseases 
(ICD) 9th (ICD9; CDC, Last updated 6 Nov 2015. Cited 7 
Nov 2019) or 10th (ICD10; CDC, Last updated 15 Apr 2016. 
Cited 7 Nov 2019; WHO Cited 7 Nov 2019) revision codes 
were used to classify causes of deaths from cardiovascular 
diseases [ICD9 (390–459) or ICD10 (I00–I99)] with deaths 
from cerebrovascular disease excluded.

2.4 | CAD risk factors

In both SCADGENS and SCHS, self-reported hypertension 
status was ascertained from questionnaires. In SCADGENS, 
systolic blood pressure (SBP) and diastolic blood pressure 
(DBP) were obtained from medical records. In SCHS, SBP 
was measured three times with a 3-min interval between 
each measurement after the participants were seated at rest 
for at least 5 min, according to validated standard procedures 
(Chang et al., 2017; Vera-Cala, Orostegui, Valencia-Angel, 
López, & Bautista, 2011). The average value of the three 
readings was used for analysis. In both cohorts, participants 
were classified as hypertensive if they met one of the fol-
lowing criteria: (1) SBP ≥ 140 mm/Hg; (2) DBP ≥90 mm/
Hg; (3) self-reported to have a history of hypertension or on 
anti-hypertensive medication. In SCADGENS, T2D and hy-
percholesterolaemic patients were identified based on their 
self-reported disease from questionnaire and medical his-
tory. Participants were classified into never-smokers, ever-
smokers, and current smokers based on their responses to the 
questions regarding cigarette smoking in the questionnaires.

2.5 | Genotyping and SNP selection

Chinese CAD patients from SCADGENS included in the 
current study were cases from a previous GWAS case–con-
trol study (Han et al., 2017). Rs217181 was a constituent 
SNP of the Illumina HumanOmniZhongHua-8 genotyping 
array. Detailed descriptions regarding genotyping and qual-
ity control (QC) procedures have been published previously 
(Han et al., 2017). A total of 270 CAD patients genotyped 
in the first batch who did not have a prior history of CAD 
(SCADGENS 1) and 312 patients without a CAD history 
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genotyped in the second batch (SCADGENS 2) were in-
cluded in current study.

In SCHS, 18,114 samples were genotyped on the Illumina 
Global Screening Array (GSA) v1.0 and 7,159 samples were 
genotyped on the Illumina Global Screening Array v2.0. 
Detailed descriptions regarding genotyping and QC proce-
dures have been published before (Dorajoo et al., 2019) and a 
total of 20,010 individuals with relevant phenotype data were 
included in the current study.

2.6 | Statistical analysis

The main demographic and clinical characteristics for 
the datasets are presented in Table 1 and Table S1 for 
SCADGENS, and in Table 2 for SCHS. Quantitative vari-
ables were presented as mean ± SD (standard deviation) or 
median (interquartile). A two-sample t-test was used for nor-
mally distributed variables while the Mann–Whitney U test 
was used for non-normally distributed variables. Categorical 
variables were presented as number of individuals (percent-
age %) and the Pearson's χ2 test was used to compare differ-
ences in proportions and for checking significant departure 
of genotype frequencies from Hardy–Weinberg expectations 
(HWE). In SCADGENS, linear regression was used to inves-
tigate the association between rs217181 SNP and log trans-
formed Gensini score. Age, gender, hypercholesterolaemia, 

hypertension, T2D, and smoking were included into the 
model as covariates. Interaction analyses were performed 
by introducing the interaction term (CAD risk factor x 
SNP) with the specific CAD risk factor and SNP included 
as covariates in the same regression model. The results were 
adjusted for multiple comparisons using Bonferroni correc-
tion. Significant results after adjustment were further strati-
fied by the specific CAD risk factor. Since the samples in 
SCADGEDNS were genotyped in two batches, analysis was 
carried out in SCADGENS 1 and 2 separately to avoid batch 
effect, and subsequently meta-analyzed using the fixed-ef-
fects inverse-variance weighted method. Cochran's Q test 
was used to measure heterogeneity of effect and a Qp value 
cut-off <0.05 was used to determine between-study hetero-
geneity (Zeggini & Ioannidis, 2009). Significant findings 
were further evaluated in SCHS with cardiovascular mor-
tality (excluding stroke) as outcome. The same analytical 
method was applied with age and gender as covariates. All 
statistical analyses were carried out using STATA 15.0 (Stata 
Corp) and a 5% type I error was set to indicate statistical sig-
nificance (two-tailed) in all analyses.

3 |  RESULTS

As shown in Table S1, SCADGENS 2 had higher propor-
tion of males and a lower proportion of individuals with self-
reported hypercholesterolaemia compared to SCADGENS 1. 

T A B L E  1  Characteristics of study subjects in SCADGENS

SCADGENS

N = 582

Male (%) 545 (93.64%)

Age (year) 57.37 ± 8.87

Hypertension (%) 442 (75.95%)

Diabetes (%) 177 (30.41%)

Hypercholesterolaemia (%) 410 (70.45%)

Smoking

 Ever (%) 150 (25.77%)

 Current (%) 198 (34.02%)

rs217181

 CC 261 (44.85%)

 CT 244 (41.92%)

 TT 77 (13.23%)

MAF 0.342

Gensini score 49.75 
(36.00,69.50)

Data is presented as mean ±standard deviation, N (%) or median (interquartile 
range).
Abbreviations: MAF, minor allele frequency; SCADGENS, Singapore Coronary 
Artery Disease Genetics Study.

T A B L E  2  Characteristics of study subjects in SCHS

Case Control p

N = 917 N = 19,093

Male (%) 582 
(63.47%)

8,324 (43.60%) <0.001

Age (year) 62.00 
(56.00, 
67.00)

54.00 (48.00,60.00) <0.001

Hypertension (%) 738 
(80.48%)

10718 (56.14%) <0.001

rs217181

 CC 406 
(44.27%)

8,319 (43.57%) 0.904

 CT 410 
(44.71%)

8,613 (45.11%)

 TT 101 
(11.01%)

2,161 (11.32%)

MAF 0.334 0.339

Data is presented as mean ± standard deviation (SD) N (%) or median 
(interquartile range). Significant results are highlighted in bold.
Abbreviations: MAF, minor allele frequency; SCHS, Singapore Chinese Health 
Study.
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No significant differences were observed for age, percentage 
of individuals with hypertension, self-report T2D, cigarette 
smoking, Gensini score and rs217181 genotype distribution. 
The observed genotype frequencies of rs217181 did not de-
part significantly from HWE in both datasets (p = 0.171 and 
p = 0.329, respectively). In SCHS, significant difference was 
observed for age, gender and hypertensive status between 
cases and controls (p < 0.001, Table 2). The observed geno-
type frequencies of rs217181 also did not depart significantly 
from HWE in controls (p = 0.336).

We first investigated the association between CAD se-
verity (Gensini score) and common CAD risk factors in 
SCADGENS. Individuals with hypercholesterolaemia had 
higher Gensini score compared to those without (β = 0.125, 
SE = 0.042, padjust = 0.011, Table S2). No significant as-
sociation was observed between Gensini score and the 
other CAD risk factors (hypertension, T2D, smoking) and 
the genetic variant rs217181. With inclusion of the CAD 
risk factor x rs217181 term in the regression models, one 
significant interaction between the SNP and hypertension 
on Gensini score after adjustments for multiple tests was 
observed (β  =  0.177, SE  =  0.064, padjust  =  0.024, Table 
S3). Stratifying the study subjects by hypertension status 
showed a positive association between the minor allele T 
of rs217181 and CAD severity in hypertensive individu-
als (β = 0.073, SE = 0.030, p = 0.015, Table 3, Figure 1,  
Table S4).

We further evaluated these findings using cardiovascular 
mortality (excluding stroke) in the SCHS. Hypertensive in-
dividuals had 2.3 times higher risk of mortality (p < 0.001) 
while no significant association was observed between mor-
tality and rs217181 (Table S5). When stratified by hyperten-
sion status, non-hypertensive individuals with the minor allele 
T of rs217181 had significantly lower risk for cardiovascular 
deaths (excluding stroke; Odds ratio (95% confidence inter-
val)  =  0.771 (0.607–0.980), p  =  0.033, pinteraction  =  0.047, 
Table 3, Figure 2).

4 |  DISCUSSION

Hp is highly potent in its anti-inflammatory and antioxidant 
activities (Purushothaman et al., 2012; Roche, Dantsker, 
Alayash, & Friedman, 2012). In this study, we investigated 
the association between the HP genetic variant, rs217181, 
and CAD severity as measured by the Gensini score in a 
Singaporean Chinese CAD population. We also evaluated 
whether rs217181 interacts with four common CAD risk fac-
tors, hypertension, hypercholesterolaemia, T2D and cigarette 
smoking to modify the CAD patients’ disease severity. The 
interaction effect of rs217181 with hypertension on cardio-
vascular deaths (excluding stroke) was also evaluated in an 
independent Singapore Chinese population. To the best of our 
knowledge, our study represents the first investigation on the 
impact of interactions between HP genetic variants and CAD 
risk factors on CAD severity and mortality in East-Asians.

Hypertension, hypercholesterolaemia, T2D, and ciga-
rette smoking are established risk factors of CAD (Wilson, 
1994). Previous studies have also shown significant associ-
ation between these risk factors and CAD severity (Hossain, 
Majumder, Ullah, Shaha, & Mannan, 2015; Larifla et al., 
2014; Ockene et al., 1992; Rana et al., 2012; Zeina, Barmeir, 
Zaid, & Odeh, 2009). In the current study, only hypercho-
lesterolaemia was found to be associated with CAD sever-
ity after meta-analysis and adjusting for multiple testing. We 
believe the following two reasons may contribute to the in-
consistencies. First, although the above four risk factors are 
well established for CAD and their effects are transferrable 
between ethnic groups, their effects on CAD severity, on the 
other hand, have not been as well investigated. Several stud-
ies have shown that there are differences between the impact 
of CAD risk factors on CAD severity and CAD (Escolar, 
Weigold, Fuisz, & Weissman, 2006; Krishnaswami, Jose, & 
Joseph, 1994). Second, there are a number of scores and indi-
ces that can be used to define CAD severity, such as Gensini 
(Gensini, 1983), SYNTAX (Sianos et al., 2005), Leaman, 

T A B L E  3  Interaction effect of haptoglobin variant (rs217181) with hypertension on coronary artery disease severity (Gensini score) in 
SCADGENS and on cardiovascular deaths (excluding stroke) in SCHS

SCADGENS

Non-hypertensive Hypertensive Interaction

N = 140 N = 442

Beta SE p Beta SE p p padjust

CAD Severity −0.097 0.060 0.110 0.073 0.030 0.015 0.006 0.024

SCHS N = 8,554 N = 11,456

OR (95% Cl) p OR (95% Cl) p p

Cardiovascular death 
excluding stroke

0.771 (0.607, 0.980) 0.033 1.013 (0.904, 1.134) 0.827 0.047 –

Significant results are highlighted in bold.
Abbreviations: Cl, confidence interval; OR, odds ratio; padjust, p value after adjusting for multiple comparison; SCADGENS, Singapore Coronary Artery Disease 
Genetics Study; SCHS, Singapore Chinese Health Study.
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Brower, Meester, Serruys, and Van Den Brand (1981), 
myocardial jeopardy (MJ; Dash, Johnson, Dinsmore, & 
Harthorne, 1977), and counting the number of diseased ves-
sels (Ringqvist et al., 1983). Most of the previous studies had 
used the number of diseased vessels to indicate CAD sever-
ity, which only considered effects on the three major vessels 
and a few major sub-branches. Moreover only a single cut-off 
value for stenosis, usually 50%, was used. Based on the steno-
sis information acquired, we had selected the Gensini score 
as a measure of CAD severity in our study. Unlike the simpler 
method of counting the number of vessels diseased, Gensini 
score also considers the vessel size and its importance, in-
cludes the sub-branches and small vessels, as well as the ex-
tent of luminal narrowing by assigning weights accordingly.

Rs217181 was reported to be a proxy SNP for tag-
ging HP copy number variant in a European population 
(Boettger et al., 2015). The minor allele T of rs217181 tags 
the HP1 allele of the copy number variant. Although HP1 
was reported to be a more efficient antioxidant than HP2 
(Melamed-Frank et al., 2001), its effect on cardiovascular 

disease is controversial, especially in individuals with dia-
betes (De Bacquer et al., 2001; Levy et al., 2002; Simpson 
et al., 2011; Suleiman et al., 2005). We did not observe the 
same association between rs217181 and CAD severity in 
the subset of diabetic individuals (Table S6). Hypertension 
was reported to have a complex association with endo-
thelial dysfunction, which precedes the development of 
adverse cardiovascular events and portends future cardio-
vascular risk (Dharmashankar & Widlansky, 2010; Shimbo 
et al., 2010). Previous studies have indicated that CAD is 
more prevalent and severe in hypertensive patients, espe-
cially among individuals with a longer period of hyperten-
sion (Zeina et al., 2009). In the current study, hypertension 
and rs217181 were both not significantly associated with 
Gensini score. However, when the participants were strat-
ified by their hypertension status, the minor allele T of 
rs217181 was significantly associated with higher Gensini 
score only in the hypertensive individuals. The finding was 
further supported using cardiovascular mortality (excluding 
stroke) as the outcome in the independent SCHS dataset. 

F I G U R E  1  Interaction between 
rs217181 and hypertension status for 
coronary artery disease severity in 
SCADGENS

F I G U R E  2  Interaction between 
rs217181 and hypertension status for 
coronary death in SCHS
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Hypertensive individuals have 2.3 times higher risk for 
mortality in SCHS. Although rs217181 was not associated 
with mortality in the general population, non-hypertensive 
individuals with the minor T allele had much lower risk for 
mortality when the analysis was stratified by hypertension 
status. These results indicate that in the Chinese datasets 
evaluated in the study, haptoglobin genetic variant and a 
history of hypertension acted interactively to modify CAD 
severity and mortality.

Recently, a genome-wide association study (Gurung 
et al., 2018) identified an East-Asian specific genetic variant, 
rs75444904 (upstream of HP gene) that can influence urine 
haptoglobin level. Although rs75444904 is monomorphic 
in the European populations based on information from the 
1000 Genome database, its minor allele frequency (MAF) is 
between 20 and 30% in the Chinese and Malays. The study 
also found that rs75444904 is in strong linkage disequilib-
rium (LD) with the HP allele in East Asians, especially in the 
Chinese (r2 = 0.869). Thus, the study suggested rs75444904 
to be a better surrogate for HP structural variant in the East-
Asian Chinese population. In our study, rs75444904 was gen-
otyped on the IlluminaHumanOmniZhongHua-8 Bead Chip 
but not on the GSA chip. We also found it to be in strong LD 
with rs217181 (r2 = 0.900). Similar to rs217181, rs75444904 
was not associated with CAD severity (Table S2). However, 
rs75444904 was also observed to significantly interact with 
hypertension to impact on CAD severity (p = 0.031, Table 
S3). Stratifying the study subjects by hypertension status 
showed a similar positive association between the minor 
allele C (plasma Hp increasing allele) of rs75444904 and 
Gensini score only in hypertensive individuals (p = 0.044, 
Table S4).

Our study has the following two limitations. First, 
SCADGENS is a study designed to assess the genetic deter-
minants of CAD in Singapore. At enrollment, consented pa-
tients who underwent diagnostic coronary angiography were 
recruited regardless of their prior history of CAD. However, 
in the current study, only those without prior CAD history 
were selected. This resulted in the exclusion of a large pro-
portion of patients from the original dataset. Nevertheless, 
with the present sample size we still had >80% power to 
detect an interaction effect size of 0.177 (as identified be-
tween rs217181 and hypertension in the current study) with 
MAF = 34% and α = 0.05 in the SCADGENS Chinese sam-
ples. In addition, the interaction between the HP genetic vari-
ant and hypertension was also observed in the larger cohort 
with cardiovascular deaths (excluding stroke) as the outcome. 
Second, the Gensini score considered information regarding 
the extent of luminal narrowing, vessel size and geographical 
importance of their locations. Compared with Gensini score, 
SYNTAX score (Sianos et al., 2005) might be able to better 
reflect and describe CAD severity since it includes additional 
information for lesion complexity. However, the detailed 

information needed to construct the SYNTAX score was not 
readily available for these subjects at the time of analysis.

In conclusion, our study is the first to investigate the as-
sociation and interaction effect of HP genetic variants and 
common CAD risk factors on CAD severity and cardiovas-
cular mortality (excluding stroke) in the East-Asian Chinese 
population. We found that the HP genetic variant rs217181 
was not associated with CAD severity or mortality in this 
population. However, when stratified based on hypertension 
status, hypertensive individuals with the Hp-elevating minor 
T allele showed an association with increased CAD severity 
and non-hypertensive individuals with this allele showed an 
association with decreased risk for cardiovascular mortality 
(excluding stroke).

ACKNOWLEDGMENTS
The authors thank the contribution of Ms Bee-Leng Kee, 
who had single-handedly recruited all the study participants 
for SCADGENS, as well as the excellent technical assis-
tance of Ms Karen Lee and Hui-Jen Lye in processing the 
SCADGENS blood samples.

CONFLICTS OF INTEREST
The authors declare that they have no competing interests.

AUTHOR CONTRIBUTIONS
Y.F. and C.-K.H. conceived and designed the experiments. 
X.C., Y.H., Y.F. C.-K. H, W.-P.K and J.-M.Y, contributed 
to the recruitment, sample collection, and data process-
ing. A.F.L. and M.Y.C. ascertained the subjects’ clinical 
phenotypes. R.D., L.W., J.L., C.-C.K, W.-P.K, and J.-M.Y 
generated genotyping data. X.C., R.D., Y.H., and C-K.H. 
contributed to the statistical and bioinformatics analyses. 
X.C., R.D., and C-K.H. drafted the manuscript. All authors 
critically reviewed the manuscript.

DATA AVAILABILITY STATEMENT
The data that supports the findings of this study are available 
in the supplementary material of this article.

ORCID
Chew-Kiat Heng   https://orcid.org/0000-0002-7309-9473 

REFERENCES
Asleh, R., Marsh, S., Shilkrut, M., Binah, O., Guetta, J., Lejbkowicz, 

F., … Levy, A. P. (2003). Genetically determined heterogeneity in 
hemoglobin scavenging and susceptibility to diabetic cardiovascu-
lar disease. Circulation Research, 92(11), 1193–1200. https://doi.
org/10.1161/01.RES.00000 76889.23082.F1

Boettger, L. M., Salem, R. M., Handsaker, R. E., Peloso, G. M., 
Kathiresan, S., Hirschhorn, J. N., & McCarroll, S. A. (2015). 
Recurring exon deletions in the HP (haptoglobin) gene contribute 
to lower blood cholesterol levels. Nature Genetics, 47(3), 359–366. 
https://doi.org/10.1038/ng.3510

https://orcid.org/0000-0002-7309-9473
https://orcid.org/0000-0002-7309-9473
https://doi.org/10.1161/01.RES.0000076889.23082.F1
https://doi.org/10.1161/01.RES.0000076889.23082.F1
https://doi.org/10.1038/ng.3510


8 of 9 |   CHANG et Al.

CDC. International Classification of Diseases. 9th revision. Retrieved 
from https://www.cdc.gov/nchs/icd/icd9cm.htm

CDC. International Classification of Diseases. 10th revision. Retrieved 
from https://www.cdc.gov/nchs/icd/icd10.htm

Chang, X., Salim, A., Dorajoo, R., Han, Y. I., Khor, C.-C., van Dam, R. 
M., … Heng, C.-K. (2017). Utility of genetic and non-genetic risk 
factors in predicting coronary heart disease in Singaporean Chinese. 
European Journal of Preventive Cardiology, 24(2), 153–160. 
https://doi.org/10.1177/20474 87316 676609

Cheng, T.-M., Larsson, M., Chiang, F.-H., Chou, F.-H., Mao, S. J., & 
Chang, C.-C. (2009). Unique assembly structure of human hap-
toglobin phenotypes 1–1, 2–1, and 2–2 and a predominant HP1 
allele hypothesis. Biophysical Journal, 96(3), 586a. https://doi.
org/10.1016/j.bpj.2008.12.3066

Conrad, D. F., Pinto, D., Redon, R., Feuk, L., Gokcumen, O., Zhang, 
Y., … Hurles, M. E. (2010). Origins and functional impact of copy 
number variation in the human genome. Nature, 464(7289), 704–
712. https://doi.org/10.1038/natur e08516

Consortium GP (2012). An integrated map of genetic variation from 
1,092 human genomes. Nature, 491(7422), 56–65. https://doi.
org/10.1038/natur e11632

Dash, H., Johnson, R., Dinsmore, R., & Harthorne, J. W. (1977). 
Cardiomyopathic syndrome due to coronary artery disease. I: 
Relation to angiographic extent of coronary disease and to remote 
myocardial infarction. British Heart Journal, 39(7), 733–739. 
https://doi.org/10.1136/hrt.39.7.733

De Bacquer, D., De Backer, G., Langlois, M., Delanghe, J., Kesteloot, 
H., & Kornitzer, M. (2001). Haptoglobin polymorphism as a risk 
factor for coronary heart disease mortality. Atherosclerosis, 157(1), 
161–166. https://doi.org/10.1016/s0021 -9150(00)00690 -0

Dharmashankar, K., & Widlansky, M. E. (2010). Vascular endothe-
lial function and hypertension: insights and directions. Current 
Hypertension Reports, 12(6), 448–455. https://doi.org/10.1007/
s1190 6-010-0150-2

Dobryszycka, W. (1997). Biological functions of haptoglobin-new 
pieces to an old puzzle. European Journal of Clinical Chemistry 
and Clinical Biochemistry, 35(9), 647–654.

Dorajoo, R., Chang, X., Gurung, R. L., Li, Z., Wang, L., Wang, R., … 
Heng, C.-K. (2019). Loci for human leukocyte telomere length in 
the Singaporean Chinese population and trans-ethnic genetic stud-
ies. Nature Communications, 10(1), 2491. https://doi.org/10.1038/
s4146 7-019-10443 -2

Escolar, E., Weigold, G., Fuisz, A., & Weissman, N. J. (2006). New 
imaging techniques for diagnosing coronary artery disease. CMAJ. 
Canadian Medical Association Journal, 174(4), 487–495. https://
doi.org/10.1503/cmaj.050925

Gensini, G. G. (1983). A more meaningful scoring system for deter-
mining the severity of coronary heart disease. American Journal of 
Cardiology, 51, 606. https://doi.org/10.1016/s0002 -9149(83)80105 
-2

Gurung, R. L., Dorajoo, R., Liu, S., M, Y., Liu, J.-J., Wang, L., … Lim, 
S. C. (2018). Genetic markers for urine haptoglobin is associated 
with decline in renal function in type 2 diabetes in East Asians. 
Scientific Reports, 8(1), 5109. https://doi.org/10.1038/s4159 8-018-
23407 -1

Han, Y. I., Dorajoo, R., Chang, X., Wang, L., Khor, C.-C., Sim, X., 
… Heng, C.-K. (2017). Genome-wide association study identifies 
a missense variant at APOA5 for coronary artery disease in Multi-
Ethnic Cohorts from Southeast Asia. Scientific Reports, 7(1), 17921. 
https://doi.org/10.1038/s4159 8-017-18214 -z

Hankin, J. H., Stram, D. O., Arakawa, K., Park, S., Low, S.-H., Lee, H.-
P., & Yu, M. C. (2001). Singapore Chinese Health Study: develop-
ment, validation, and calibration of the quantitative food frequency 
questionnaire. Nutrition and Cancer, 39(2), 187–195. https://doi.
org/10.1207/S1532 7914n c392_5

Hossain, S., Majumder, A. A. S., Ullah, M., Shaha, C. K., & Mannan, 
M. A. (2015). Association of hypertension on development of cor-
onary collaterals in severe coronary artery disease. Cardiovascular 
Journal, 7(2), 98–103. https://doi.org/10.3329/cardio.v7i2.22250

Koch, W., Latz, W., Eichinger, M., Roguin, A., Levy, A. P., Schömig, 
A., & Kastrati, A. (2002). Genotyping of the common haptoglobin 
Hp 1/2 polymorphism based on PCR. Clinical Chemistry, 48(9), 
1377–1382. https://doi.org/10.1093/clinc hem/48.9.1377

Krishnaswami, S., Jose, V. J., & Joseph, G. (1994). Lack of correla-
tion between coronary risk factors and CAD severity. International 
Journal of Cardiology, 47(1), 37–43. https://doi.org/10.1016/0167-
5273(94)90131 -7

Kristiansen, M., Graversen, J. H., Jacobsen, C., Sonne, O., Hoffman, H.-
J., Law, S. A., & Moestrup, S. K. (2001). Identification of the hae-
moglobin scavenger receptor. Nature, 409(6817), 198–201. https://
doi.org/10.1038/35051594

Langlois, M. R., & Delanghe, J. R. (1996). Biological and clinical signif-
icance of haptoglobin polymorphism in humans. Clinical Chemistry, 
42(10), 1589–1600. https://doi.org/10.1093/clinc hem/42.10.1589

Larifla, L., Armand, C., Velayoudom-Cephise, F.-L., Weladji, G., 
Michel, C. T., Blanchet-Deverly, A., … Foucan, L. (2014). 
Distribution of coronary artery disease severity and risk factors 
in Afro-Caribbeans. Archives of Cardiovascular Diseases, 107(4), 
212–218. https://doi.org/10.1016/j.acvd.2014.03.003

Leaman, D. M., Brower, R. W., Meester, G. T., Serruys, P., & Van Den 
Brand, M. (1981). Coronary artery atherosclerosis: severity of the 
disease, severity of angina pectoris and compromised left ventricular 
function. Circulation, 63(2), 285–299. https://doi.org/10.1161/01.
cir.63.2.285

Levy, A. P. (2006). Application of pharmacogenomics in the prevention 
of diabetic cardiovascular disease: mechanistic basis and clinical 
evidence for utilization of the haptoglobin genotype in determining 
benefit from antioxidant therapy. Pharmacology and Therapeutics, 
112(2), 501–512. https://doi.org/10.1016/j.pharm thera.2006.05.002

Levy, A. P., Hochberg, I., Jablonski, K., Resnick, H. E., Lee, E. T., Best, 
L., & Howard, B. V. (2002). Haptoglobin phenotype is an indepen-
dent risk factor for cardiovascular disease in individuals with di-
abetes: The Strong Heart Study. Journal of the American College 
of Cardiology, 40(11), 1984–1990. https://doi.org/10.1016/s0735 
-1097(02)02534 -2

Maeda, N., & Smithies, O. (1986). The evolution of multigene fami-
lies: human haptoglobin genes. Annual Review of Genetics, 20(1), 
81–108. https://doi.org/10.1146/annur ev.ge.20.120186.000501

Melamed-Frank, M., Lache, O., Enav, B. I., Szafranek, T., Levy, N. S., 
Ricklis, R. M., & Levy, A. P. (2001). Structure-function analysis 
of the antioxidant properties of haptoglobin. Blood, 98(13), 3693–
3698. https://doi.org/10.1182/blood.v98.13.3693

Murray, R. K., Connell, G. E., & Pert, J. H. (1961). The role of haptoglo-
bin in the clearance and distribution of extracorpuscular hemoglo-
bin. Blood, 17(1), 45–53. https://doi.org/10.1182/blood.V17.1.45.45

Ockene, J., Kristeller, J. L., Goldberg, R., Ockene, I., Merriam, P., 
Barrett, S., … Gianelly, R. (1992). Smoking cessation and se-
verity of disease: the Coronary Artery Smoking Intervention 
Study. Health Psychology, 11(2), 119–126. https://doi.
org/10.1037//0278-6133.11.2.119

https://www.cdc.gov/nchs/icd/icd9cm.htm
https://www.cdc.gov/nchs/icd/icd10.htm
https://doi.org/10.1177/2047487316676609
https://doi.org/10.1016/j.bpj.2008.12.3066
https://doi.org/10.1016/j.bpj.2008.12.3066
https://doi.org/10.1038/nature08516
https://doi.org/10.1038/nature11632
https://doi.org/10.1038/nature11632
https://doi.org/10.1136/hrt.39.7.733
https://doi.org/10.1016/s0021-9150(00)00690-0
https://doi.org/10.1007/s11906-010-0150-2
https://doi.org/10.1007/s11906-010-0150-2
https://doi.org/10.1038/s41467-019-10443-2
https://doi.org/10.1038/s41467-019-10443-2
https://doi.org/10.1503/cmaj.050925
https://doi.org/10.1503/cmaj.050925
https://doi.org/10.1016/s0002-9149(83)80105-2
https://doi.org/10.1016/s0002-9149(83)80105-2
https://doi.org/10.1038/s41598-018-23407-1
https://doi.org/10.1038/s41598-018-23407-1
https://doi.org/10.1038/s41598-017-18214-z
https://doi.org/10.1207/S15327914nc392_5
https://doi.org/10.1207/S15327914nc392_5
https://doi.org/10.3329/cardio.v7i2.22250
https://doi.org/10.1093/clinchem/48.9.1377
https://doi.org/10.1016/0167-5273(94)90131-7
https://doi.org/10.1016/0167-5273(94)90131-7
https://doi.org/10.1038/35051594
https://doi.org/10.1038/35051594
https://doi.org/10.1093/clinchem/42.10.1589
https://doi.org/10.1016/j.acvd.2014.03.003
https://doi.org/10.1161/01.cir.63.2.285
https://doi.org/10.1161/01.cir.63.2.285
https://doi.org/10.1016/j.pharmthera.2006.05.002
https://doi.org/10.1016/s0735-1097(02)02534-2
https://doi.org/10.1016/s0735-1097(02)02534-2
https://doi.org/10.1146/annurev.ge.20.120186.000501
https://doi.org/10.1182/blood.v98.13.3693
https://doi.org/10.1182/blood.V17.1.45.45
https://doi.org/10.1037//0278-6133.11.2.119
https://doi.org/10.1037//0278-6133.11.2.119


   | 9 of 9CHANG et Al.

Purushothaman, K.-R., Purushothaman, M., Levy, A. P., Lento, P. A., 
Evrard, S., Kovacic, J. C., … Moreno, P. R. (2012). Increased ex-
pression of oxidation-specific epitopes and apoptosis are associ-
ated with haptoglobin genotype: possible implications for plaque 
progression in human atherosclerosis. Journal of the American 
College of Cardiology, 60(2), 112–119. https://doi.org/10.1016/j.
jacc.2012.04.011

Rana, J. S., Dunning, A., Achenbach, S., Al-Mallah, M., Budoff, M. 
J., Cademartiri, F., … Min, J. K. (2012). Differences in prevalence, 
extent, severity, and prognosis of coronary artery disease among 
patients with and without diabetes undergoing coronary computed 
tomography angiography: results from 10,110 individuals from the 
CONFIRM (COronary CT Angiography EvaluatioN For Clinical 
Outcomes): an InteRnational Multicenter Registry. Diabetes Care, 
35(8), 1787–1794. https://doi.org/10.2337/dc11-2403

Ringqvist, I., Fisher, L. D., Mock, M., Davis, K. B., Wedel, H., Chaitman, 
B. R., … Fray, D. (1983). Prognostic value of angiographic indices 
of coronary artery disease from the Coronary Artery Surgery Study 
(CASS). The Journal of Clinical Investigation, 71(6), 1854–1866. 
https://doi.org/10.1172/jci11 0941

Roche, C. J., Dantsker, D., Alayash, A. I., & Friedman, J. M. (2012). 
Enhanced nitrite reductase activity associated with the haptoglo-
bin complexed hemoglobin dimer: functional and antioxidative 
implications. Nitric Oxide, 27(1), 32–39. https://doi.org/10.1016/j.
niox.2012.04.002

Schaer, C. A., Schoedon, G., Imhof, A., Kurrer, M. O., & Schaer, D. 
J. (2006). Constitutive endocytosis of CD163 mediates hemoglo-
bin-heme uptake and determines the noninflammatory and pro-
tective transcriptional response of macrophages to hemoglobin. 
Circulation Research, 99(9), 943–950. https://doi.org/10.1161/01.
RES.00002 47067.34173.1b

Shimbo, D., Muntner, P., Mann, D., Viera, A. J., Homma, S., Polak, J. 
F., … Shea, S. (2010). Endothelial dysfunction and the risk of hy-
pertension: the multi-ethnic study of atherosclerosis. Hypertension, 
55(5), 1210–1216. https://doi.org/10.1161/HYPER TENSI 
ONAHA.109.143123

Sianos, G., Morel, M.-A., Kappetein, A. P., Morice, M.-C., Colombo, 
A., Dawkins, K., … Mohr, F. W. (2005). The SYNTAX Score: an 
angiographic tool grading the complexity of coronary artery dis-
ease. EuroIntervention, 1(2), 219–227.

Simpson, M., Snell-Bergeon, J. K., Kinney, G. L., Lache, O., Miller-
Lotan, R., Anbinder, Y., … Levy, A. P. (2011). Haptoglobin gen-
otype predicts development of coronary artery calcification in a 
prospective cohort of patients with type 1 diabetes. Cardiovascular 
Diabetology, 10(1), 99. https://doi.org/10.1186/1475-2840-10-99

Soejima, M., & Koda, Y. (2008). TaqMan-based real-time PCR for ge-
notyping common polymorphisms of haptoglobin (HP1 and HP2). 
Clinical Chemistry, 54(11), 1908–1913. https://doi.org/10.1373/
clinc hem.2008.113126

Suleiman, M., Aronson, D., Asleh, R., Kapeliovich, M. R., Roguin, A., 
Meisel, S. R., … Levy, A. P. (2005). Haptoglobin polymorphism 
predicts 30-day mortality and heart failure in patients with diabe-
tes and acute myocardial infarction. Diabetes, 54(9), 2802–2806. 
https://doi.org/10.2337/diabe tes.54.9.2802

Tseng, C. F., Lin, C. C., Huang, H. Y., Liu, H. C., & Mao, S. J. (2004). 
Antioxidant role of human haptoglobin. Proteomics, 4(8), 2221–
2228. https://doi.org/10.1002/pmic.20030 0787

Vera-Cala, L. M., Orostegui, M., Valencia-Angel, L. I., López, N., 
& Bautista, L. E. (2011). Accuracy of the Omron HEM-705 CP 
for blood pressure measurement in large epidemiologic studies. 
Arquivos Brasileiros De Cardiologia, 96(5), 393–398. https://doi.
org/10.1590/s0066 -782x2 01100 5000038

WHO. International Statistical Classification of Diseases and Related 
Health Problems 10th revision. Retrieved from http://apps.who.int/
class ifica tions/ icd10/ brows e/2016/en

Wilson, P. W. (1994). Established risk factors and coronary artery dis-
ease: the Framingham Study. American Journal of Hypertension, 
7(7_Pt_2), 7S–12S. https://doi.org/10.1093/ajh/7.7.7s

Zeggini, E., & Ioannidis, J. P. (2009). Meta-analysis in genome-wide as-
sociation studies. Pharmacogenomics, 10(2), 191–201. https://doi.
org/10.2217/14622 416.10.2.191

Zeina, A.-R., Barmeir, E., Zaid, G., & Odeh, M. (2009). Coronary artery 
disease among hypertensive patients undergoing coronary computed 
tomography angiography. Journal of Cardiovascular Medicine, 
10(3), 252–256. https://doi.org/10.2459/JCM.0b013 e3283 240486

SUPPORTING INFORMATION
Additional supporting information may be found online in 
the Supporting Information section.

How to cite this article: Chang X, Dorajoo R, Han Y, 
et al. Interaction between a haptoglobin genetic variant 
and coronary artery disease (CAD) risk factors on CAD 
severity in Singaporean Chinese population. Mol Genet 
Genomic Med. 2020;8:e1450. https://doi.org/10.1002/
mgg3.1450

https://doi.org/10.1016/j.jacc.2012.04.011
https://doi.org/10.1016/j.jacc.2012.04.011
https://doi.org/10.2337/dc11-2403
https://doi.org/10.1172/jci110941
https://doi.org/10.1016/j.niox.2012.04.002
https://doi.org/10.1016/j.niox.2012.04.002
https://doi.org/10.1161/01.RES.0000247067.34173.1b
https://doi.org/10.1161/01.RES.0000247067.34173.1b
https://doi.org/10.1161/HYPERTENSIONAHA.109.143123
https://doi.org/10.1161/HYPERTENSIONAHA.109.143123
https://doi.org/10.1186/1475-2840-10-99
https://doi.org/10.1373/clinchem.2008.113126
https://doi.org/10.1373/clinchem.2008.113126
https://doi.org/10.2337/diabetes.54.9.2802
https://doi.org/10.1002/pmic.200300787
https://doi.org/10.1590/s0066-782x2011005000038
https://doi.org/10.1590/s0066-782x2011005000038
http://apps.who.int/classifications/icd10/browse/2016/en
http://apps.who.int/classifications/icd10/browse/2016/en
https://doi.org/10.1093/ajh/7.7.7s
https://doi.org/10.2217/14622416.10.2.191
https://doi.org/10.2217/14622416.10.2.191
https://doi.org/10.2459/JCM.0b013e3283240486
https://doi.org/10.1002/mgg3.1450
https://doi.org/10.1002/mgg3.1450

